Background. The myometrial hyperactivity and reduced uterine blood flow of primary
INTRODUCTION
Primary dysmenorrhoea causes much discomfort, particularly in young, non-parous women of whom more than 50 % suffer from the disease (1) . The pain of this condition is associated with myometrial hyperactivity and reduced uterine blood flow (2) , changes which apparently to a large extent are caused by increased secretion of arginine vasopressin (3) (4) (5) (6) . Stimulation of the release of endometrial prostaglandins may also be an effect and the importance of contractile prostaglandins in the condition is well-established (7, 8) . Vasopressin exerts its uterine effects mainly via the vasopressin V 1a receptor (9) (10) (11) (12) . The aetiological importance of vasopressin in dysmenorrhoea was confirmed by the therapeutic effect of the peptide analogue 1-deamino-2-D-Tyr(Oet)-4-Thr-8-Orn-oxytocin, which competitively blocks the vasopressin V 1a and oxytocin receptors of the uterus (13) An orally active vasopressin V 1a and oxytocin receptor blocking agent, SR 49059, was also shown to inhibit vasopressin effects on uterine contractility and to be therapeutically active in dysmenorrhoea when given prophylactically before the onset of symptoms (14, 15) .
There is a need for validated methodologies to facilitate the development of novel therapeutics, such as vasopressin V 1a receptor antagonists for the treatment of primary dysmenorrhoea. Methods for scoring uterine contractility and pain in dysmenorrhoeic women are already well tested and shown to be appropriate (2, 5, 6, 12, 14) . However, biochemical markers of uterine ischemia may be a useful alternative which warrants further exploration. For testing new pharmacological agents for the treatment of dysmenorrhoea, healthy sterilised women could be preferable to patients with primary dysmenorrhoea (11, 12, 14) . There are several reasons for this: the uterine activity pattern in the former type of subjects is probably more consistent, they can not become pregnant during an experimental series, they are generally older and probably more capable of following a research program and their cervical canal is wider, allowing a more easy insertion of a recording catheter into the uterus.
In the present study we tested a model with sterilised women for evaluating vasopressin V 1a antagonists to be developed for the treatment of primary dysmenorrhoea. The aim was to determine the validity and reproducibility of measuring intrauterine pressure, pain and biochemical markers of uterine ischemia at early menstruation in women with dysmenorrhoea compared with healthy subjects. Furthermore, we studied the effect of repeated bolus injections of vasopressin and placebo on uterine activity, lower abdominal pain and ischemia markers at early menstruation in the same population.
MATERIAL AND METHODS

Subjects
A total of 16 women participated in the study. Eight of them suffered from moderate to severe dysmenorrhoea, defined as a history of at least 6 months of painful menstruations necessitating drug therapy. The age in this group ranged from 21 -29 years (mean 23.3 years), the women were all regularly menstruating and non-overweight (BMI < 27). All were nulliparous and used contraceptives, although not an intrauterine device or hormonal contraception within three calendar months before the start of the study. Another eight healthy, regularly menstruating, non-overweight, non-pregnant women aged 36 -42 years (mean 39.6 years) participated in the "control" group. They were all parous and had undergone voluntary sterilisation by tubal division at laparoscopy; at this time they had been found to be gynaecologically normal. All women gave their written consent to participation.
The study was conducted according to ICH guidelines and was approved by the local Ethics Committee.
Study design
A prospective, double blind, two periods, crossover study was performed. The study included three phases, a screening phase, a study period phase (including two visits) and a follow-up phase. At each study period three intravenous bolus injections of vasopressin or placebo were given and the study was double-blinded regarding drug administration. The primary study endpoint was the effect on uterine activity and secondary endpoints were pain and plasma ischemia markers.
Experimental procedure
At a screening visit all participating women underwent a general physical and gynaecological examination, a pelvic ultrasound, routine blood and urine safety tests, HIV and hepatitis-A/B serology, chlamydia testing, and a 12 lead-electrocardiogram. Urine pregnancy tests were performed in the dysmenorrhoea group at screening and follow up as well as prior to all invasive procedures on study days.
After the screening visit participating subjects underwent a first recording of uterine contractility and experienced pain within the first 48 hours after the onset of menstruation. A second recording was performed at a usually consecutive menstruation. The recording sessions lasted for 220 minutes. The uterine contractility was measured as intrauterine pressure, which was recorded by a micro-transducer catheter (Millar Instruments Inc.
Houston, Texas, USA) as previously described (16) . The pressure signals were stored in a computer (Software from Synectics AB, Stockholm, Sweden) connected to an A/D signal converter (Polygraaf 12 Bit, Synectics AB, Stockholm, Sweden). A visual analogue scale (VAS, Innovaderm DVAS10) was used for measuring pain where the endpoints were scores that ranged between 00.0 (no pain) and 99.9 (worst menstrual pain which the patient had experienced). The women had an indwelling venous catheter placed in each arm. One of these catheters was used for administration of the study drugs and the other for blood sampling.
All subjects were given three intravenous bolus injections over 1 minute of either 10 pmol/kg b w of vasopressin in 0.9 mL of 5 % glucose or 0.9% saline (placebo) of the same volume. Infusions were prepared at the hospital pharmacy and administered double-blinded.
During each study period, the subjects received, in a randomised manner, at least one injection of vasopressin (A) and one of placebo (B) according to the following sequences. The first injection was given after 40 minutes, with further injections at 100 and 160 minutes after the start of recording.
The area under the curve (AUC) for uterine pressure was derived over 10-minute intervals throughout the study period. During the recording the participating women were also asked to record their pain experience in 2 min intervals for 10 min before and 10 min after each injection. Blood samples were taken for analyses of ischemic markers (C reactive protein, CKMB isoenzyme and isoforms, CK, troponin-T and hypoxanthine) and vasopressin at 5 min before and 15 min after each injection, 60 min after the last injection and at follow up.
After the study period a follow-up visit was performed within 14 days. At this visit, physical and gynaecological examinations (including pelvic ultrasound and electrocardiogram) were performed and blood and urine samples taken for laboratory safety tests.
Statistical methods
The uterine pressure AUC post dose and the changes in uterine pressure AUC (post dose -pre dose) were analysed by a residual maximum likelihood (REML) analysis, with random effects: subject and study period within subject and fixed effects: study period, session, treatment, subject status (healthy or dysmenorrhoeic), treatment by subject status interaction and included pre dose AUC as a covariate. A logarithmic (log) transformation of AUC was used. The VAS score recorded for patients with dysmenorrhoea were visually assessed. As the healthy volunteers only experienced discomfort and not pain as the vasopressin was administered it was decided to disregard the healthy volunteer VAS data. The maximum post dose VAS was calculated. The uterine pressure AUC calculated for each two-minute interval during 10 minutes after each injection was plotted against the corresponding maximum VAS.
The sample size was determined based on our previous experience gained from exploratory studies with uterine measurements conducted previously by the centre, rather than formal power calculations.
RESULTS
All women who participated in the study had normal examinations both at screening and at the follow up visit. They completed the study successfully.
Representative recordings of intrauterine pressure and the effect of intravenous vasopressin and placebo injections in a patient with primary dysmenorrhoea and a healthy volunteer are shown in Fig. 1 . The vasopressin injections generally caused an increase in uterine contractility with increased contraction frequency and basal tone for about 20 minutes, whereas no effect of placebo injections was observed. The average vasopressin -placebo baseline differences in log AUC of intrauterine pressure measurements in dysmenorrheic subjects (-0.24, SE: 0.09) and healthy volunteers (0.36, SE: 012) were found to be significantly different (p=0.0013).
Log AUCs of intrauterine pressure recordings without and with pre dose AUC as covariate are shown in Table 1 . The difference between vasopressin and placebo responses was statistically significant (p < 0.001) in all instances. Healthy volunteers responded to vasopressin with a larger increase in AUC than dysmenorrhoeic patients (p < 0.001). Analysis of AUC post dose also resulted in a highly significant treatment by status interaction (p<0.001), implying that the treatment difference was larger for healthy volunteers than for patients. When AUC pre dose was taken into account and AUC (post dose -pre dose) was analysed, there was only a trend in the treatment by status interaction (p=0.104).
A plot of maximum VAS post-dose versus the corresponding log AUC for dysmenorrheic individual subjects is shown in Fig. 2 . A trend towards a proportional relationship between these variables was observed, although the number of observations was too limited to allow formal statistical analyses. The change in maximum VAS score following vasopressin and placebo administrations is shown in Table 2 . Following vasopressin the mean change was substantially greater than after placebo (statistical comparison not performed due to limited number of observations).
Ischemic markers were analysed in all eight subjects in the healthy volunteer group. In the dysmenorrhoea group samples from five subjects of the first study period were analysed and two from the second experimental series. The remaining samples were lost due to breakdown of a freezer. Results in CKMB are shown in Table 3 and CRP in Table 4 . Regarding mean plasma CKMB concentrations, the values before and after vasopressin injections in dysmenorrheic women were numerically higher than the corresponding values in healthy volunteers. The opposite was found for mean plasma CRP concentrations. No statistically significant differences between pre-and post-dose levels were found for either CKMB or CRP in any group. No significant differences within or between groups were observed for the other ischemic markers.
DISCUSSION
There was a highly statistically significant treatment difference in intrauterine pressure between vasopressin and placebo injections in both patients and healthy volunteers. A comparison of the two subject groups showed a highly significant treatment by status interaction in AUC post-dose, which was larger for healthy volunteers than for patients. This difference between groups may reflect age related differences or, more probably, changes in uterine activity due to a thicker myometrium caused by previous pregnancy. However, when AUC pre-dose was taken into account, there was only a suggestion of a trend for a treatment by status interaction. Therefore, it would appear that although this model can detect a treatment difference between vasopressin and placebo in either patients or healthy volunteers, it seems to be less able to differentiate between the two subject groups.
The healthy volunteers only experienced discomfort and not pain with the increased AUC of intrauterine pressure, when vasopressin was administered. This was probably due to their parity, a well-known observation in gynaecologic practice. The effect mechanism is probably denervation of the uterus during pregnancy (17) . It was therefore decided to disregard the healthy volunteer VAS data. Although there was no consistent relationship between maximum VAS pain score and maximum AUC, there was a trend towards a directly proportional relationship between these variables. However, the numbers analysed in this instance were too small to allow a formal statistical analysis. For the change in max VAS pain score following administration of vasopressin or placebo, the mean change in score following vasopressin administration was higher. This is in agreement with an aetiological importance of vasopressin-induced elevation of intrauterine pressure in primary dysmenorrhoea (3-6).
Uterine ischemia is most probably involved in the aetiology of pain in dysmenorrhoea, but the techniques previously used for measuring uterine blood flow based on thermodilution only
give a semi-quantitative estimate of the flow (2). We therefore studied possible biochemical markers for uterine ischemia. In the absence of any known markers of uterine ischemia, we studied ischemic markers for heart and brain. There were no numerical differences between the groups except regarding CKMB, which was higher in the group with primary dysmenorrhoea than the healthy subjects and CRP concentrations, which were lower in the former group. No significant difference was seen between levels before and after vasopressin injections in either group. These markers may represent potential disease / severity classification markers although their specificity remains to be elucidated. The different ages of the control and disease group as well as the small number of blood samples from women with dysmenorrhoea limit any reliable interpretation.
The treatment for dysmenorrhoea is presently analgesics and prostaglandin antagonists, but sufficient pain relief is only obtained in about 70% of subjects with this treatment (18) .
Drugs that specifically block the effects of vasopressin on the uterus could therefore be an alternative to available therapies. In the present validation study of a test model of induced dysmenorrhoea we found differences in uterine activity in both women with dysmenorrhoea and healthy subjects following administration of either vasopressin or placebo. However, this technique at present appears less able to differentiate between women with dysmenorrhoea and healthy subjects when given either vasopressin or placebo. In conclusion, the results of this pilot study appear to offer a methodology that can be considered for use in further studies for evaluating new drugs for the treatment of primary dysmenorrhoea. However, some further investigation and evaluation is needed applying drug candidates. 
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TABLE 1.
Mean log AUC (kPa x 10 min) of intrauterine pressure recording curves over 10 min after vasopressin and placebo injections and log ratio with the pre-dose 10 min AUC as co-variate in women with primary dysmenorrhoea and in healthy volunteers. For vasopressin-placebo (VP-P) differences, 95 % confidence intervals are given within brackets. 
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